Vesuvius is one of the most studied volcanoes in the world, because of its long time interval with historic eruptions (2000 years), its easy accessibility, and the first well-documented historic explosive eruption: that of 79 AD. The eruption destroyed Pompeii, Herculaneum, Oplonti and Stabiae and caused the death of Pliny the Elder among many other people.
The sequence of events during the 79 AD eruption of Vesuvius
Vesuvius is one of the most studied volcanoes in the world, because of its long time interval with historic eruptions (2000 years), its easy accessibility, and the first well-documented historic explosive eruption: that of 79 AD. The eruption destroyed Pompeii, Herculaneum, Oplonti and Stabiae and caused the death of Pliny the Elder among many other people.
Before the eruption, earthquakes occurred for some time, but were disregarded by local inhabitants because of their familiarity with the phenomenon. As the younger Pliny testified "for several days before (the eruption) the earth had been shaken, but this fact did not cause fear because this was a feature commonly observed in Campania". The effects of these earthquakes are still visible in several buildings in Pompeii, and Villa Regina, where hastened repair works were underway in the days immediately preceeding the eruption.
The main phases of the eruption have been described by Pliny the Younger who observed the eruption from a distance of more than 25 km, basing also on contemporary testimonies and closer view accounts, especially for what regards the death of the uncle, Pliny the Elder, gone to the rescue of the inhabitants of the area.
The beginning of the eruption is uncertain: the two Plinys observed the cloud at the seventh hour of the day (1 PM). We must presume that the eruption began sometime earlier to allow the arrival, at about the same hour, of a messenger sent from the Vesuvian area. The sequence of events described by the Younger Pliny fits well the geologic record of the eruption (Lirer et al., 1973; Sigurdsson et al., 1985) .
We can summaryze the temporal evolution of the eruption into major phases which are typical of most large scale explosive eruptions. 1 The first phase, after minor phreatic explosions, is characterized by the development of an high, sustained column where the erupted mixture of juvenile gases and pyroclasts, mixing turbulently with atmospheric air, rises convectively into the stratosphere reaching an estimated maximum height of 32 km. 2 The second phase is characterized by the collapse of the eruptive column with the emplacement of pyroclastic flows and surges which destroyed every settlement within a radius of 10-15 km from the volcano. 3 Collapse of the magma chamber, ingression of water into the feeding system, magma water interaction and final phreato-magmatic activity. 4 Post eruption remobilization of ashes and pumice by rain water during the following years. The four phases are identifyed by their typical deposits ( Figure 1 ).
• The first phase produced a fall deposits consisting of a lower part of well-sorted white pumice and an upper part of gray pumice dispersed to the southeast of the volcano and traced on land to a distance of more than 70 km (Lirer et al., 1973 ).
• The deposits of the second phase consist of surge deposits made of layers of thin, poorly-sorted ash with cross bedding, and dune structures alternated with pyroclastic flow deposits made by thick and massive layers partly indurated and poorly sorted (Sigurdsson et al., 1985) .
• Silty sands beds with abundant accretionary lapilli form the deposit of the third phase. In proximal areas a debris flow deposit consisting of angular lava and carbonate blocks supported by an ash matrix with minor pumices is correlated with this phase (Sigurdsson et al., 1985 , Sheridan et al., 1981 . The eruption of Vesuvius of 79 AD and its impact on human environment in Pompei
• The deposits of the fourth phase are a succession of lahars made up of a conglomerate composed of coarse pebbles with a matrix composed of small pebbles and coarse sand (Lirer et al., 2001 ). Carey and Sigurdsson (1987) estimated the height of the eruption column during the development of the Plinian phase basing on the isopleth distribution of maximum diameters of pumice and lithic fragments. They estimated that the eruption column rose from an height of 14 km to 26 km during the emission of white pumice and then to 32 km during the emission of grey pumice immediately before the deposition of pyroclastic flows. The estimates of the column heights permitted the evaluation of the corresponding magma discharge rates.
Scandone and Giacomelli (2001) used the estimates of Carey and Sigurdsson (1987) to evaluate the temporal evolution of the eruption fed by a 7-12 km deep magma chamber. The progressive removal of magma in the course of the eruption caused a slow boiling of magma within the chamber because of decompression. This in turn produced a faster and faster emission rate until the final collapse of the wall surrounding the reservoir. Scandone and Giacomelli (2001) evaluate the duration of the first phase at approximately 22 hours (several hours longer than previously estimated basing on average effusion rates). During this phase there was a steady increase in magma discharge rate. The second and most destructive phase with the massive emplacement of the major pyroclastic flows and surges lasted only about 5-6 hours.
State of the buildings and distribution of victims inside the city of Pompeii
The city of Pompeii was destroyed and many of its inhabitants were killed during the 79 AD eruption. Several authors have reconstructed the succession of products emplaced during the eruption (e.g. Lirer et al., 1973; Sigurdsson et al., 1985; Carey and Sigurdsson, 1987) but the stratigraphic framework used here largely follows that of Luongo et al. (2002a Luongo et al. ( , 2002b which specifically studied the impact of this eruption on Pompeii. In the following paragraphs we summarise the damage suffered by population and buildings during the two main phases of the eruption and report the stratigraphic height at which were recovered human bodies and crumbled walls. The main sedimentological characteristics of the 79 AD deposit are reported in Figure 2 . On the basis of these characteristics the deposit has been subdivided in 8 units named A to H from base upwards; a soil at the top of the sequence (unit I) is also reported.
The state of the buildings all over the city is summarised in the following observations: a) the amount of destruction is not the same throughout the city some buildings were more affected than others; b) the northern (relatively proximal) and southern (relatively distal) sectors in the city were generally affected in the same way; c) the ground floor is partly intact in most of the buildings, whereas the upper floor is almost completely demolished; d) the E-W oriented walls are by far more damaged than those striking N-S; e) in many cases, the northern vent-facing part of the buildings was more damaged than the southern one; f) most of the destruction is stratigraphically related to unit E.
As shown in the Table 1 , 394 corpses were found in the pumice fall deposit and 650 in the pyroclastic density currents (PDCs) deposit. So a total of 1044 victims were recovered inside 2/3 of the city of Pompeii (the excavated part). Other 100 victims are estimated on the basis of many groups of scattered bones. Finally, considering the regiones partially excavated (I, III, IV, V, IX) an estimate of 464 corpses still buried is obtained. Furthermore, it is meaningful to document the amount of victims with respect to their location (e.g. inside or outside the buildings). Most of the corpses within the pumice fall deposit were found inside buildings (80% as shown in Table 1 ) whereas, of the 650 corpses recovered in the PDCs deposit 334 were found inside buildings and 316 outdoor (Table 1) . Luongo et al. (2002b) , on the basis of recent excavation, state that all human casts in the PDCs deposit lie over the well-recognisable lithic-rich unit D, enclosed within the unit E (Figure 2) . These corpses are mostly intact and only few corpses are partially or fully dismembered. In the still preserved outcrops of Pompeii and in the photographs of the Pompeii Archive most of the casts lay prone in the attempt to shelter their face; it is noteworthy that in some places (e.g. garden of fugitives, Regio I, Insula 21; Stabian house, Regio I Insula 22) human casts show the head and the bust supported by arms, with this raised part of the body at higher stratigraphic level within E1. 
The effects of the 79 AD eruption on Pompeii
The process of Pompeii's destruction and burial started with the accumulation of a thick pumice lapilli deposit (layers A and B in Figure 1 ) resulting from the column fallout. The rate of deposition in the city ranged from 15 cm per hour in open areas to 25/30 cm per hour in places accumulating additional pyroclasts rolling from the steeper roofs. Within six hours from the beginning of the eruption the roofs and part of the walls of the buildings had collapsed under the pumice load. By the morning of 25 August most structures were seriously damaged; the pumice fall deposit, generally 3 m thick, totally buried the lower part of the buildings. The percentage of victims (38%) found in this deposit at Pompeii is anomalously high with respect to a mean of 4% of deaths caused by tephra fallout in the last four centuries during explosive eruptions (Blong, 1984; Tanguy et al., 1999) . This high percentage of deaths is possibly due to the attempt of some people to take shelter into buildings where roofs and walls collapsed under the load of the pyroclastic material. The small percentage of people found dead outdoor within the pumice fall deposit was probably killed by the crumbling roof tiles or by the largest lithic fragments following ballistic paths.
The first PDC flowed through the city depositing the basal ash layer C and causing irrelevant damages. Based on the evidence that all of the human remains lie above this deposit, it can be deduced that people were not killed by the earlier PDC (units S4 and S5 of Sigurdsson et al., 1985) . The inhabitants survived also to the successive fallout phase that emplaced the lithic-rich layer D and some were able to walk outdoor during the emplacement of the basal part of the unit E. In fact, we found the victims several centimetres above the base of this unit. Possibly, the parental pyroclastic current ran over the city with a low-temperature, dilute frontal part settling progressively few centimetres of ash. The rear part of the current had a non-uniform behaviour in terms of concentration, possibly due to the canalization of the basal part of the current along the longitudinal walls of the buildings. Inside these areas the current showed a greater destructive power, flattening most of the (especially transversal) walls, standing out of the pumice fallout deposit, in its north-south path. In the areas outside the channels the current had essentially a depositional behaviour engulfing the city and suffocating the inhabitants. These opposed behaviour of the PDC in very close areas testify to the different kinetic conditions undergone by the Pompeii inhabitants and hence the different physical integrity of their corpses. Observations on objects, cloths, frescoes and skeletons rule out the possibility that burn injuries contributed to kill Pompeii inhabitants, as recently proposed for Herculaneum inhabitants (Capasso et al., 2000; Mastrolorenzo et al., 2001) . Furthermore, the proposed non-uniform behaviour of PDCs, due to the interaction with the urban structures, justifies the described different state of destruction of the buildings throughout the city. A final phreatomagmatic phase, punctuated by two minor lithic fall episodes, emplaced the upper part of the succession (F to H units). Field features, such as the presence of accretionary lapilli in the upper part of the ash and pumice deposit and the lack of high temperature evidences in the buildings, support the idea of low emplacement temperature for the pyroclastic currents during the final phase of the eruption.
